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a b s t r a c t
Introduction: Minimally invasive surgery has revolutionized surgical management in the treatment of colorectal neoplasms, reducing morbidity and mortality, hospitalization, inactivity time and minimizing cost, as well as providing adequate oncological results when compared to the conventional approach. Robotic surgery, with Da Vinci Platform, emerges as a step ahead for its potentials. The objective of this article is to report the single institutional experience with the use of Da Vinci Platform in robotic colorectal surgeries performed at a reference center in oncological surgery in Brazil.
Materials and methods:
A retrospective cohort study was conducted based on the prospective database of patients from the institution submitted to robotic surgery for treatment of colorectal cancer from July 2012 to September 2017. Clinical and surgical variables were analyzed as predictors of morbidity and mortality.
Results: A total of 117 patients underwent robotic surgery. The complications related to surgery occurred in 33 patients (28%), the most frequent being anastomotic fistula and surgical wound infection, which corresponded to 11% and 3%, respectively. Conversion rate was 1.7%. Median length of stay was 5 days. The only variable associated with increase of complications and death risk was BMI >30, with p-value of 0.038 and 0.027, respectively.
Conclusion: Robotic surgery is safe and feasible for approaching colorectal cancer surgeries, presenting satisfactory results regarding length of hospital stay and rate of operative complications, as well as presenting a low rate of conversion. Obesity has been shown to be a risk factor for surgical complication in robotic colorectal surgery. 
Introduction
Minimally invasive surgery has revolutionized surgical management in the treatment of colorectal neoplasms, reducing morbidity and mortality, hospitalization, inactivity time and minimizing costs, as well as providing adequate oncological results when compared to the conventional approach. 1 Robotic surgery, with Da Vinci Platform, emerges as a step ahead for its potentials. When compared to conventional laparoscopy, robotic surgery contributes with ergonomics, camera stability and articulated instruments, facilitating surgical dissection under spatially restricted anatomical conditions. [2] [3] [4] The robotic approach in colorectal cancer offers the same oncologic results of conventional surgery associated with faster recovery due to the minimally invasive procedure without all the technical limitations of the laparoscopic surgery. 5 The main concern about robotic surgery is how much this technology costs. Recently a randomized, multi-centric study (ROLARR) has compared the robotic to laparoscopic approach on rectal cancer, reporting similar rates of conversion and also the larger costs of robotic surgery. The subgroup of male obese patients was benefited when compared to laparoscopy. Furthermore, robotic surgery for rectal cancer is still in full development worldwide. 6 In our hospital, it has been in use since 2013 under constant control, as to allow future evaluations of cost/effectiveness. This article's objective is to report the single-center experience with the use of Da Vinci platform in colorectal robotic surgeries performed in a national reference surgical oncology center in Brazil.
Methods
This is a Retrospective Cohort study based on the prospective database of the Brazilian National Cancer Institute José de Alencar (INCA/MS) of patients who underwent robotic surgery as treatment for colorectal cancer between July 2012 and September 2017. All surgeries were performed at Hospital of Cancer 1/INCA by three staff surgeons from INCA's abdominalpelvic team (JP, MV, EL), trained in laparoscopic and robotic surgery.
The clinical and surgical variables selected for distribution and frequency analysis were: age, gender, Body Mass Index (BMI), comorbidities, Length of stay, histopathologic staging, tumor location, distance from anal verge, neoadjuvant and adjuvant therapy, type of surgery, conversion to open surgery, distal and proximal surgical margins, and tumor recurrence.
Surgical complications were defined as all adverse events related to the surgical act according to the Clavien-Dindo Classification 7 taken place up to 60 days postoperative, and all deaths from surgical act complications in the same period. 
BMI, Body Mass Index.
The Da Vinci Si platform is available on INCA and was used for all patients. For the quantitative variables, mean and/or median were calculated and to verify the association between variables, Chi-square and Fisher's exact test were used. Significant pvalue was considered <0.05. Software SPSS V. 17 was used for statistical analysis. Associations of surgical complications were verified with the following variables: age, comorbidities, gender, BMI, surgeon, neoadjuvant therapy and tumor localization.
The study was submitted to and approved by INCA's Ethics and Research Committee. Informed consent was obtained from the patients before the surgical procedure.
Results 117 patients underwent robotic surgery, clinical and surgical variables frequency distributions are shown in Table 1 . The most common histological type was adenocarcinoma, found in 113 patients, followed by epidermoid carcinoma in three patients, and 1 patient with Gastrointestinal Stromal Tu m o r (GIST). The most frequent location was the rectum, with 90 patients, and the most performed surgery was Low Anterior Resection (LAR) with primary anastomosis (Figs. 1 and 2). Regarding pathological staging (7th edition of the AJCC), the most frequent staging was IIA, in 31% of patients (Table 1) .
Complications related to surgery occurred in 33 patients (28%), the most frequent being anastomotic fistula and surgical wound infection, corresponding to 11% and 3%, respectively ( Table 2 ). Regarding the severity of complications, according to the Clavien-Dindo classification, Classes II and IIIb were the most frequent, with 36% and 34% occurrence respectively ( Table 3 ). Regarding the association between clinical and surgical variables and the occurrence of complications and death, the only variable that showed statistical significance was the BMI ≥30, with higher risk of complications and death, with a p-value of 0.038 and 0.027, respectively. The other mentioned variables did not show a statistically significant p-value (Table 4) . Surgical conversions were necessary in two patients (1.7%), re-interventions were needed in 16 patients (13.6%) and 3 patients came to death (2.5%) related to post-operative complications. The subgroup analysis of rectal cancer showed conversion rate of 2.1%, anastomotic fistula of 11% and death rate of 2.1% (two patients) ( Table 5 ).
Discussion
Minimally invasive surgery is a fundamental tool in colorectal cancer treatment due to its associated advantages, such as less surgical trauma, extended visualization and technological association for better identification of vascular and nervous structures. 4, 8, 9 With the advent of robotic surgery, some new technologies were added to the minimally invasive surgery arsenal, such as tridimensional imaging, articulated and precise tweezers, better ergonomics and comfort for the surgeon. 10, 11 Being so, robotic surgery has come with the expectation to present satisfactory results compared to the already common surgical modalities such as laparoscopic and conventional surgery, with its high cost being justified through the generated benefits.
Comparing the results between the possible surgical modalities for colorectal cancer treatment, Uhrich et al. reported uncomfortable positions during laparoscopic surgery increased surgeon fatigue and brought a higher chance of iatrogenic injury, which was minimized in the robotic approach. 12 Liao et al. conducted a meta analysis with 1074 patients, comparing the robotic approach versus conventional surgery for rectal cancer treatment and showed that robotic surgery is safe, presents with lower blood loss and transfusion, shorter time of hospital stay, return for normal intestinal j coloproctol (rio j). I  1  3  II  12  36  IIIa  3  9  IIIb  11  34  IVa  3  9  V  3  9 activity, and eating. However, there was no statistical difference in evaluating the oncological resection and there was a longer surgery time for patients under robotic surgery. Xiong et al. have published a meta-analysis with 1229 cases (554 robotic surgeries and 675 laparoscopies), concluding that robotic surgery lowers the rates of hospitalization and surgical conversion. On the other hand, there was no difference on circumferential margin and sexual dysfunction when compared to laparoscopy. 13 Fernandez et al. have shown that there was no difference between robotic and laparoscopic surgery on post-operative morbidity or on quality of mesorectal excision, however, it was described that robotic surgery showed lower rates of conversion compared to laparoscopy (8% vs. 17%). 14 [15] [16] [17] [18] Conversely, the Da Vinci system has some technical disadvantages compared to the other surgical modalities. First, there is lack of tactile sensation and tension for the surgeon, which can lead to tissue damage during the robotic arm traction and instrument movement. Besides, the technology costs are higher than conventional laparoscopy, suture material can be cut because there is no tension return during surgery and the docking process is time consuming and requires trained assistance. 19, 20 Recently, the ROLARR, a multicentric and randomized study, questioned and opposed other studies about the potential benefit of robotic surgery on rectal cancer treatment, showing that this technology increases costs significantly while showing no potential benefits on conversion rates, circumferential margins or complication rates. 6 One criticism of the ROLARR study is that the robotic surgeon group had a 25 procedures experience in average, versus almost 100 for the laparoscopic surgeon group, which probably contributed to the findings in the study. We believe that these findings of clear non-superiority of robotic surgery may be overcome by surgeon and team experience, and that there are many benefits to the robotic approach on treating colorectal cancers, as mentioned in previous studies. [2] [3] [4] [5] Concerning our study, when compared with literature, the median of hospital stay was 5 days, which corroborates with Park et al. and Casillas et al., who found a median of 4 days for robotic surgery and 7 days for laparoscopy. 11, 21 The conversion rate specific to rectal cancer found on our study was 2.1%, consistent with the literature findings that vary between 0% and 9% ( Table 5 ). 22 The most common post operative complications reported in our study were anastomotic fistula in 11% and surgical wound infection in 3% of patients, within Clavien-Dindo II and IIIb. 7 Table 5 shows studies of Hellan et al. and Pigazzi et al. with rates of anastomotic fistula, specific to rectal cancer, from 12.1% to 10.5% respectively, which are compatible to the rates we have found. 23, 24 However, the meta-analysis conducted by Liao et al. showed 6.5% of anastomotic fistula on robotic surgery versus 5% on conventional surgery, and rates of around 2% of surgical wound infection both in conventional and robotic approaches. 19 We found higher rates of anastomotic fistula in robotic surgery than that described in literature, but wound infection rates, the second most frequent complication, are consistent with the ones described. This fact may be associated to the higher percentage of patients with advanced tumors (T3 and T4) than the ones reported in Asian, American and European studies, besides the fact that most rectal cancer patients underwent neoadjuvant therapy and, consequently, had a higher chance of anastomotic fistula occurrence. 4 In addition, BMI ≥30, presented in 11% of subjects, was shown as a risk factor for surgical complications in robotic surgery with a p-value of 0.038. 6,25 Harr et al. described higher rates of complications on robotic surgeries on obese patients, especially when BMI ≥30, such as we have found in our study.
Conclusion
Robotic surgery is safe and feasible for surgical approach of colorectal cancer, showing satisfactory results in hospital stay and complication rates, added to a low surgical conversion rate. Obesity has been shown as a risk factor for surgical complications in robotic colorectal surgery. In relation to advanced tumors, more in depth studies are necessary to denote their relationship with higher complication rates.
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